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NUMBERING OF NEW ELEMENTS FOR NET REFINEMENT 

R. Pallacks 

Most methods from the area of adaptive net refinement are so 
designed that they can be implemented as post processors. This 
then opens new possibilities of operating net refinement methods 
controlled by error indicators in conjunction with existing finite 
element software. 

The determination of the suitable numbering of the net can 
either be done with an optimization program, which is placed 
between the net refinement unit and the FE program, or it can be 
done in parallel with the refinement program. The first of these 
two alternatives operates on a complete net and the algorithms used 
are given the name "global". In the second alternative, only the 
old net is known as well as which elements are to be refined. 
These programs only use information from the immediate vicinity of 
each element and therefore will be described by the adjective 
" local" . 

The conventional global optimization algorithms are based on 
the ideas of Cuthill and McKee on the minimization of the band- 
width of a matrix. If the element numbers have to be determined 
again, then one uses the elements directly, or first the nodes are 
numbered again and the elements are numbered based on the nodes. 
The central idea of the method of Cuthill and McKee is to build up 
layers of adjacent elements. 

As a rule, several passes with various starting elements are 
required in order to obtain a good result. This increases the 
complexity of global algorithms considerably. 

Conseauences reaardina the laver concept: 

i) The region of already numbered elements is continuous. 

*Numbers in margin indicate foreign pagination. 
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ii) When one hits the edge, the layers decompose into several 
continuous components. 

iii) Regions with relatively small element size lead to the 
deformation of the front. 

From the planned method of operation of the local algorithm, 
it is found that a numbering in layers is not possible. Based on 
the procedure of network refinement units, we use a method oriented 
towards the elements: 

i) The new elements which replace an old one, are inserted 
at the location of the old element. 

ii) The relative numbering of the new elements is determined 
by a local minimization strategy as wide as the front. 

iii) For a small number of special situations, the numbering 
obtained is changed and is adapted accordingly. 

Conseauences: 

a) Only those elements require an effort which are to be 
refined. 

b) No additional division of regions before or behind the 
front are produced. 

c) If the numbering of the initial net separates expected 
singularities, then all of the nets retain this property. 

In order to analyze both methods, the following restrictions 
are made: 

- two-dimensional nets 
- all nodes have the same number of degrees of freedom 
- only one element type 

For nonuniform refinement, we can conclude that 
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F: = f r o n t  width,  E: = number of e lements ,  h: = element d iameter ,  

c i s  a c o n s t a n t .  

From t h e  c h a r a c t e r i s t i c s  of t h e  local  diagram, w e  can conclude 
t h a t  t h e  produced numbering of t h e  growth l a w  (1) i s  achieved.  

Based on t h e  s p e c i f i e d  d i r e c t i o n  of t r ave l  through t h e  s t r u c t u r e s ,  
t h e  p r o p o r t i o n a l i t y  f a c t o r  i n  (1) i n  t h e  loca l  p a t t e r n  can be much 
smaller  f o r  c e r t a i n  geometr ies  t han  f o r  g l o b a l  schemes wi th  l a y e r  
concept.  

With a uniform ref inement ,  i n  t h e  l eas t  f a v o r a b l e  case w e  can 
have : 

F = E * c * 0 ( 1 ) .  

This  extreme case occurs  if one r e f i n e s  e x c l u s i v e l y  around a 
s i n g l e  p o i n t .  I n  t h i s  case, a g l o b a l  scheme can reach  t h e  growth 

l a w  (1) by a s u i t a b l e  s e l e c t i o n  of t h e  s t a r t i n g  e l e m e n t  i n  t h e  c e n t e r  

of t h e  re f inement .  On t h e  o t h e r  hand, t h e  automated sea rch  of such 
an element does r e p r e s e n t  a problem. 

On t h e  o t h e r  hand, t h e  l o c a l  scheme can i s o l a t e  s i n g u l a r i t i e s  

which i s  Very d i f f i c u l t  f o r  a g l o b a l  scheme. This  can lead  t o  
s i g n i f i c a n t  improvement of t h e  f r o n t  course .  

By r e s t r i c t i n g  ones self t o  l o c a l l y  a v a i l a b l e  in fo rma t ion ,  t h e  

a d d i t i o n a l  complexity i n  t h e  implementation of t h e  l o c a l  scheme can 
be made s m a l l .  

T e s t  runs  wi th  a series of d i f f e r e n t  problems and v a r i o u s  
i n i t i a l  n e t s  r e s u l t e d  i n  t h e  fo l lowing:  

i) An i n f i n i t e s i m a l l y  s m a l l  i n c r e a s e  i n  t h e  CPU t i m e  of t h e  
n e t  ref inement  u n i t  due t o  t h e  local  numbering scheme, 

ii) conf i rmat ion  of t h e  t h e o r e t i c a l  r e s u l t s ,  

iii) i n  t h e  i n i t i a l  n e t s  matched t o  t h e  problem, t h e  l oca l  scheme 

gave t h e  b e t t e r  element numbering, 
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iv) the global scheme required a high number of tests in 
order to find a suitable starting element. 

The balance sheet is that a local numbering scheme represents 
an attractive alternative to global numbering algorithms. 
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